We have measured by laser spectroscopy the energy of interaction between a sodium atom and its images in the walls of a micron-sized cavity. This cavity-QED study is the first direct quantitative test of the Lennard-Jones van der Waals interaction as a function of controlled atom-surface separation and mean-square electric dipole moment.
PACS numbers: 42.50. %'m, 32.70.3z The van der Waals interaction [1] between extended neutral bodies is a ubiquitous feature of nature in which a cooperative electrical polarization of the bodies lowers the energy of the system. The most familiar case is that of a gas in which the fluctuating dipole of each molecule polarizes its neighbors [2] , resulting in an attractive potential proportional to R,~here R is the distance between two molecules.
This interaction is responsible for a famous correction to the ideal-gas equation, causes shifts and broadening of spectral lines in vapors, and plays an essential role in the latent heat and surface tension of liquids. Another important example is the Lennard-Jones [3] dipole attraction between an atom and its image in a plane conductor, for which the potential varies as z where z is the distance of the atom from the mirror. This atom-surface coupling is involved in a variety of physicochemical processes, such as adsorption, in which atoms come close to surfaces. Atomic-force microscopes are also based on the van der Waals interaction [4] .
Although several direct, quantitative measurements have been made of the collective van der Waals forces between macroscopic bodies [5] , experimental studies of the van der Waals interaction between a free atom or molecule and a macroscopic surface are scarce. Some experiments have been based on the observation of atomic trajectories near metallic surfaces [6] where a small atomic deflection, related to the cumulative effect of van der Waals interactions at various distances, yielded qualitative information on the interaction itself. A small frequency shift, recently observed in the spectrum of cesium vapor near a dielectric surface [7] , has also been related to the van der Waals atom-surface interaction integrated over a range of separations. In this Letter we report the first direct and precise measurement of the van der Waals coupling between an atom and a metallic surface, in which the interaction is quantitatively studied as a function of controlled separation and of the electronic state of the atom. Three main systematic effects must be taken into account when analyzing these spectra. First, in spite of the strong spatial selection of the atomic beam, the peaks of P H YSICAL R EV I EW LETTERS 8 JUXE 1992 - [12] .
The retarded Casimir shift of the ground state has so far only been investigated by the deflection or reflection of an atomic beam [13] . Since any transition to an excited level is aA'ected by the much larger shift and linewidth of that level, a spectroscopic study of the Casimir shift seems inadequate, but methods based on atom interferometry oA'er an interesting alternative.
We have shown that it is practical to perform spectroscopy on an atomic beam inside a cavity less than 1 p m wide, opening the way to direct studies of other effects including the patch potentials of a surface and the excitedstate atom-surface coupling. From another point of view, this experiment shows that the van der Waals energy shift can be used to determine the position of an atom within a microscopic cavity with a resolution of a few tens of nanometers, a new tool which also promises to be valuable in future cavity-QED studies.
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